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Abstract 
A conceptual design for an LSST imaging system is presented which employs a multiple 
capture per image scheme originally developed to enhance dynamic range in video 
applications. 

Intro to LSST imager 
 
The LSST i mager  syst em i s  uni que i n s i ze and dat a r at e.   Wi t h ~2. 5 
bi l l i on 16+ bi t  pi xel  val ues bei ng gener at ed ever y ~15 seconds,  syst em 
component s must  have capabi l i t i es wel l  beyond t hose i n common use 
t oday.  Even wi t h an 8+ year  t i mescal e t o oper at i ons,  t he def i ni t i on and 
desi gn of  t he i magi ng syst em must  be f i r m wi t hi n as l i t t l e as t wo 
year s.  The LSST i nvest i gat or s must  eval uat e t he compet i ng possi bi l i t i es 
and gener at e a basel i ne desi gn dur i ng t hi s  f i r s t  phase.  
 
The cr i t i cal  det ect or  r equi r ement s assumi ng 10 second exposur es ar e:  

1. )  8- 10 mi cr on pi xel  s i ze 
2. )  >95% f i l l  f act or  
3. )  hi gh QE ( >. 6@400nm,  >. 85@600- 900nm,  >. 45@1000nm)  
4. )  f ul l  wel l  > 90000 el ect r ons 
5. )  r ead noi se < 5 el ect r ons 
6. )  r eadout  t i me < 2 seconds.  

 
No such det ect or s ar e r eadi l y  avai l abl e.   St at e- of - ar t  and under -
devel opment  t echnol ogi es i ncl ude:  t hi ck hi gh- r esi st i v i t y  s i l i con back-
i l l umi nat ed CCDs and hybr i d s i l i con phot odi ode- CMOS ar r ay det ect or s.  
Thi s  document  i s  pr i nci pal l y  concer ned wi t h addr essi ng i t ems 4,  5,  and 
6 above,  t hat  i s ,  dynami c r ange,  s i gnal - t o- noi se,  and r eadout  t i me.  
 
Ther e ar e pr obl ems wi t h CCDs.  The need f or  a mechani cal  shut t er ,  hi gh 
power  di ss i pat i on,  and a dwi ndl i ng manuf act ur er  base,  have gener at ed a 
gr owi ng i nt er est  i n CMOS based det ect or s.   However ,  exi st i ng CMOS 
sol ut i ons ar e not  yet  capabl e of  meet i ng t he r equi r ement s ei t her .  
 
Much of  t he di scussi on of  CMOS based det ect or s f or  LSST has cent er ed on 
commer ci al l y  devel oped i mager s ( Rayt heon,  Rockwel l )  t hat  have evol ved 
f r om hybr i d mul t i pl exer  ar r ays devel oped f or  i nf r ar ed i magi ng.   The 
pr i nci pal  devel opment  hur dl e i s  t o scal e down hybr i d bondi ng t echni ques 
t o t he 8- 10 mi cr on pi xel  pi t ch needed by LSST or  t o f i nd al t er nat e 
t echni ques.   The nomi nal  mode of  oper at i on under  di scussi on f or  LSST i s  
a sequence of  t wo exposur es at  ~10 seconds,  each f ol l owed by a ~2 
second r eadout  and a t el escope r e- poi nt i ng of  ~5 seconds ( over l apped 



wi t h t he second r eadout ) .  Anal og dat a f or  each pi xel  woul d t hen be 
di gi t i zed at  16 bi t s  r esol ut i on.  The sequence woul d t hen be r epeat ed as 
t he t el escope mar ches t hr ough i t s  set  of  f i el ds cover i ng t he v i s i bl e 
sky once ever y f ew ni ght s.   The oper at i on i s  essent i al l y  t he same as i f  
t r adi t i onal  CCDs wer e used and of  cour se was spel l ed out  wi t h a CCD 
based f ocal  pl ane as t he def aul t  posi t i on.    
 

Why stop there? 
 
Academi c and commer ci al  r esear ch i n CMOS i magi ng has demonst r at ed 
capabi l i t i es t hat  can be expl oi t ed.   I n par t i cul ar ,  i t  i s  hi ghl y  
desi r abl e t o achi eve ext ended dynami c r ange and enhanced s i gnal - t o-
noi se r at i os.  A maj or  benef i t  f or  phot omet r i c  and ast r omet r i c  
cal i br at i on can be achi eved by mai nt ai ni ng sensi t i v i t y  t o f ai nt  obj ect s 
whi l e s i mul t aneousl y al l owi ng br i ght  obj ect s ( eg.  ~12 Mag)  t o be 
i maged.   These obj ect i ves,  and addi t i onal  f l ex i bi l i t y  i n cosmi c r ay 
r ej ect i on and t r ansi ent  det ect i on,  may be i mpl ement ed by usi ng t he non-
dest r uct i ve r eadout ,  pi xel  addr essabi l i t y  and mul t i pl e capt ur e 
f unct i ons t hat  have been devel oped f or  CMOS based i mager s.  
 
To f l esh out  t he possi bi l i t y  of  appl y i ng t hese i deas,  a concept ual  
desi gn i s  pr esent ed bel ow i n a br i ef  f or mat .   An expanded di scussi on of  
t he var i ous desi gn component s and quest i ons t o answer  t hen f ol l ows.  
 

A conceptual design 
 
Thi s  desi gn i s  a r adi cal  depar t ur e f r om st andar d CCD st y l e r eadout  as 
i t  capi t al i zes on CMOS i mager  devel opment  t hat  has been car r i ed out  i n 
t he academi c and commer ci al  ar enas.  The mot i vat i on f or  t he met hod 
descr i bed bel ow i s  t o ext end t he dynami c r ange of  t he i mages obt ai ned 
f or  bot h br i ght  and f ai nt  r egi ons r el at i ve t o t he def aul t ,  CCD- l i ke,  
oper at i on.   The concept  i s  t o r eadout  t he f ocal  pl ane ever y 50 
mi l l i seconds usi ng 12 bi t s  of  di gi t i zat i on.   Each non- dest r uct i ve 
r eadout  t akes pl ace i n 1 mi l l i second and i s  f ol l owed by a 49 
mi l l i second i nt egr at i on per i od.   I ndi v i dual  pi xel s  ar e r eset  as needed 
af t er  r eadout .   Each “ exposur e”  f or  t he LSST ar chi ve woul d be 
const r uct ed by opt i mal l y  combi ni ng ~256 sampl es t aken over  a 12. 8 
second per i od.   Nai vel y,  t he dynami c r ange i s  expanded by ~2561 i n 
br i ght  r egi ons ( because of  pi xel  r eset s) .   Fai nt  r egi ons al so benef i t  
f r om t he mul t i pl e sampl i ng,  whi ch y i el ds l ower  ef f ect i ve r ead- noi se.   
Fur t her  det ai l s  of  t he f ocal  pl ane modul es,  f unct i onal i t y ,  and dat a 
f l ow ar e descr i bed bel ow.  
 
The LSST f ocal  pl ane wi l l  consi st  of  ~2500 i mager  modul es,  each 
consi st i ng of  a ~1cm x 1cm ar r ay of  1024 10 mi cr on pi xel s.  The i mager  
modul es conver t  t he i nt egr at ed f l ux of  i ncomi ng phot ons t o di gi t i zed 
s i gnal s.  The s i gnal s ar e r out ed f r om t he modul e v i a a shor t  opt i cal  
f i ber  l i nk t o a concent r at or  modul e.  The i mager  modul es ar e gr ouped i n 
set s of  50,  wi t h one concent r at or  modul e f or  each set .   The 
concent r at or  modul es ser ve t wo f unct i ons.  They cont r ol  t he oper at i on of  
t he sensor  modul es and r out e t he di gi t i zed s i gnal s f r om t he camer a 

                                                 
1 256 times the 12-bit maximum of 4096 – value in electrons depends on the gain – see below. 



housi ng t o dat a acqui s i t i on modul es ext er nal  t o t he t el escope.   The 
ext er nal  modul es ser ve t he f unct i on of  assembl i ng t he 50 mul t i pl exed 
i mager  dat a st r eams cont ai ni ng t he 2500 sub- i mages f or  i nj ect i on i nt o 
t he i mage pr ocessi ng pi pel i ne.  
 
Each i mager  modul e compr i ses 4 l ayer s ( f i gur e 1) :  a phot o- di ode ar r ay,  
bonded t o a CMOS act i ve pi xel  mat r i x ,  f ol l owed by an anal og- t o- di gi t al  
conver si on l ayer  and an opt i cal  f i ber  out put  l ayer .  For  t hi s  di scussi on 
i t  i s  assumed t hat  t he bondi ng “ pr obl em”  bet ween t he phot o- di ode ar r ay 
and t he CMOS ASI C i s  sol ved.   The CMOS pi xel s  ar e act i ve phot ogat e 
st y l e opt i mi zed f or  l ow r ead noi se wi t h non- dest r uct i ve r eadout  and 
i ndi v i dual  r eset  f unct i onal i t y .   The pi xel  ar r ay i s  di v i ded i nt o 32 
set s of  32 col umns wi t h a t ot al  of  32 out put s.   The pi xel  ar r ay l ayer  

i s  connect ed t o an anal og- t o- di gi t al  conver si on l ayer  by of  t he or der  
of  100 connect i ons usi ng st andar d f l i p- chi p met hods.  The ADC l ayer ,  
wi t h 32 12- bi t  conver t er s,  al so cont ai ns addi t i onal  c i r cui t s  f or  
t i mi ng,  r eset t i ng,  and r out i ng.   Usi ng a s i mi l ar  appr oach,  of  t he or der  
of  50 dat a/ cont r ol  connect i ons wi l l  r out e dat a f r om t he ADCs t o  
t he opt i cal  t r ansmi ssi on l ayer .   

Figure 1. Basic schematic for  imager  modules 

 
Phot omet r i c  accur acy ( of  t he det ect or )  must  be bet t er  t han 1 par t  i n 
1000.   Hence pi xel  s i gnal s must  be measur ed wi t h >10 bi t  accur acy and 
di gi t i zat i on wi l l  be car r i ed out  at  12 bi t s  of  r esol ut i on wi t h a 
nomi nal  gai n of  ~3 el ect r ons/ adu.   For  addi t i onal  f l ex i bi l i t y ,  t he 
di gi t i zed dat a wi l l  be t r ansf er r ed at  16 bi t s.   The desi gn r el i es on a 
r ow- based r eadout  ( f i gur e 2) .  Each 1024 pi xel  r ow i s  r ead out  v i a 32 
out put s at  ~30 ns per  pi xel  ( 33 MHz)  f or  a t ot al  of  ~1us per  r ow.  I t  
wi l l  t ake 1ms t o di gi t i ze and r eadout  t he ent i r e 1024x1024 sensor .   The 
t hi r t y- t wo ADCs wi l l  oper at e i n par al l el .   Each di gi t i zat i on i ncl udes a 
mechani sm f or  r eset t i ng of  t he pi xel  wel l  i f  t he pi xel  i s  l i kel y  t o 
sat ur at e bef or e t he next  di gi t i zat i on.   I f  a pi xel  i s  r eset ,  t he unused 
13t h bi t  wi l l  be set  t o f l ag t he event .  I n addi t i on i t  may be possi bl e 
and advant ageous t o have a dual  gai n syst em,  wher e pi xel s  above ~12000 



el ect r ons ar e di gi t i zed at  ~24 el ect r ons/ adu t o al l ow f or  up t o ~100000 
el ect r ons di gi t al -  f ul l - wel l  t o f i t  i n t he 4096 adu l i mi t  of  t he 12 bi t  
ADC conver t er .   Agai n,  an addi t i onal  f l ag ( 14t h bi t )  woul d be used t o 
i ndi cat e t he gai n set t i ng.  Ever y 30ns a 32 x 16- bi t  wor d wi l l  be 
t r ansf er r ed over  a 16Gbi t / s  shor t  opt i cal  l i nk t o t he concent r at or .  
Wi t h 12 bi t s  r epr esent i ng t he pi xel  s i gnal ,  t he r emai ni ng 4 bi t s  wi l l  
be used as f l ags f or  pi xel  r eset ,  pi xel  gai n,  and possi bl y  ot her  
quant i t i es.  The sensor  r eadout  sequence woul d t ake pl ace ever y 50 ms 
and r equi r e power i ng- up of  t he ADCs and opt i cal  f i ber  c i r cui t s  f or  j ust  
~1. 5 ms y i el di ng a ~3% dut y cycl e.  That  i s ,  t he i mager  modul es woul d be 
f ul l y  r ead out  at  20 Hz wi t h di gi t i zat i on t o 12 bi t s,  pi xel  r eset  based 
on s i gnal  l evel ,  and possi bl y  a dual - gai n appr oach.   Based on exi st i ng 
12 bi t  ADC conver t er s oper at i ng at  33 MHz,  each modul e woul d consume 
~300 mi l l i - wat t s.   Thi s  f i gur e may be r educed as l ower  power  ADC 
conver t er s come on t he mar ket .  
 

 

Row pointer  
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ASIC 
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column 
processing 



Figure 2  Anal og pr ocessi ng ASI C f or  a 1Kx1K pi xel  ar r ay.  Al l  col umns ar e r ead out  
i n par al l el .  A r ow poi nt er  cont r ol l ed by t he sequencer  def i nes whi ch pi xel  on 
each col umn i s  t o be r ead.  Si gnal s ( r ed)  gener at ed by t he sequencer  def i ne 
whi ch pi xel s ar e t o be r eset .  Assumi ng a pi xel  s i ze of  10 � mx10 � m,  over head of  a 
pi xel  on t he ver t i cal  s i des and on t he t op s i de of  t he 1cm x 1cm ar r ay of  10 � m,  
and a 50 � m over head on t he bot t om si de t he ef f ect i ve ar ea i s  about  99% of  t he 
t ot al  ar ea.  

 
Each concent r at or  modul e woul d accept  50 i ncomi ng f i ber s and out put  a 
s i ngl e f i ber  t o a cont r ol  r oom f aci l i t y  wher e t he pi xel  i mages woul d be 
bui l t  up f r om t he mul t i pl e capt ur e st r eams.   I t  woul d sequent i al l y  
t r i gger  t he r eadout  of  t he 50 i mager  modul es at  1 per  mi l l i - second.  The 
out put  f i ber  woul d t hen oper at e at  ~100% dut y cycl e.   Each concent r at or  
modul e i s  est i mat ed t o consume l ess t han 1 wat t .   The net  power  
consumpt i on f or  t he ent i r e i mager  ar r ay and concent r at or  modul es i s  
under  1000 wat t s  and i ncl udes al l  i magi ng f unct i ons i nsi de t he Dewar .  
 
For  ~2500 1kx1k modul es,  gr ouped by 50,  wi t h one concent r at or  modul e 
per  gr oup,  t her e wi l l  be 50 f i ber s r unni ng at  ~100% dut y cycl e wi t h a 
dat a r at e of  ~16 Gbi t / sec f eedi ng a c l ust er  of  dat a acqui s i t i on 
" comput er s" .  These wi l l  combi ne t he i ncomi ng 20 Hz dat a st r eam t o bui l d 
i nt egr at ed i mages wi t h ef f ect i ve exposur e t i mes of  ~10- 20 seconds.   
Wi t h 50 gr oups of  50 1kx1k modul es,  r unni ng at  20 Hz,  a s i ngl e modul e 
i n each gr oup woul d r eadout  dur i ng each 1ms r eadout  per i od.  The 
mul t i pl exi ng scheme i s:  
 
       2500 x 1024 - - - > 2500 x 32 - - - > 2500 x 1 - - - > 50 
        pi xel - r ow     ADC channel s    shor t - f i ber   l ong- f i ber s.  
 
Movi ng t he t ask of  combi ni ng t he mul t i - sampl e dat a st r eam physi cal l y  
away f r om t he camer a/ t el escope st r uct ur e al l ows f or  opt i mi zat i on,  
f l ex i bi l i t y ,  and t he use of  cheaper  har dwar e t o car r y out  t he t ask.   
Each i mager  modul e ( 1kx1k)  wi l l  pr oduce 2Mbyt es/ r eadout  or  512 Mbyt es 
per  nomi nal  256 cycl e i mage acqui s i t i on.   Ther e wi l l  be a set  of  2500 
" pr ocesses"  ( >1 per  cpu per haps)  whi ch woul d opt i mal l y  combi ne t he dat a 
st r eam i nt o a s i ngl e ~16- 18 bi t / pi xel  i mage whi ch i ncl udes cosmi c r ay 
r ej ect i on and expanded dynami c r ange.  
 

Discussion 
 

Multiple Capture Scheme 
 
The desi gn r est s on usi ng mul t i pl e non- dest r uct i ve r eads wi t h s i gnal  
l evel  t r i gger ed r eset s t o measur e t he phot on f l ux r ecei ved by each 
pi xel .   The CMOS ar chi t ect ur e pr ovi des t he possi bi l i t y  of  non-
dest r uct i ve r eads,  addr essabl e pi xel  r eset ,  and shut t er l ess oper at i on 
whi ch ar e r equi r ed f or  t hi s  scheme.   I n mor e det ai l ,  consi der  t he set  
of  pi xel  val ues,  { Qj }  ( j =1, …, 256) ,  whi ch must  be combi ned t o f or m a 
s i ngl e LSST i mage.   An i ni t i al  sampl e,  Q0,  i s  t aken af t er  a gl obal  r eset  
of  al l  pi xel s  at  t i me t =0.   The i ni t i al  sampl e cont ai ns r eadout  noi se,  
r eset  noi se,  and of f set  f i xed pat t er n noi se.   I n t he case of  no r eset s,  
subsequent  r eads have a val ue Qj  = ( i ph + i dc) j τ + ( noi se- t er ms) ,  wher e 
i ph i s  t he phot ocur r ent ,  i dc i s  t he dar k cur r ent ,  τ i s  t he 50 mi l l i second 



sampl e t i me,  and t he noi se- t er ms i ncl ude r eadout  noi se,  r eset  noi se,  
of f set  f i xed pat t er n noi se and shot  noi se.   When i ph i s  l ar ge enough t o 
cause r eset t i ng of  t he pi xel  wel l ,  t he expr essi on becomes:   

Qj  = ( i ph + i dc) ( j - j m) τ + ( noi se- t er ms) ,  
Wher e j m i s  t he i ndex of  t he mt h r eset  and addi t i onal  noi se t er ms ar e 
added f or  each r eset .   The r esul t i ng set  of  val ues,  { Qj } ,  must  t hen be 
used t o est i mat e t he quant i t y :  ( i ph + i dc) .  On t he br i ght  end,  t he pi xel  
val ue wi l l  have been r eset  many t i mes,  whi l e on t he f ai nt  end,  onl y  t he 
l at e sampl es wi l l  have a s i gnal  usef ul l y  above t he noi se l evel .   Wor k 
on det er mi ni ng an opt i mal  al gor i t hm f or  combi ni ng t he sampl es has 
al r eady been wel l  devel oped ( Li u 2002,  Fowl er  2002)  al bei t  wi t hout  t he 
dual  gai n.   Met hods f or  combi ni ng t he f ul l  set ,  and r ecur si ve r eal - t i me 
met hods have been anal yzed.   The upshot  i s  t hat  t hese met hods ar e 
st r ai ght f or war d and can y i el d gr eat l y  i ncr eased dynami c r ange at  t he 
br i ght  end v i a t he mul t i pl e r eset s and at  t he f ai nt  end by opt i mal l y  
wei ght i ng t he mul t i pl e sampl es.   I n par t i cul ar ,  t he l ast  sampl es ar e 
heavi l y  wei ght ed i n t he f ai nt  pi xel  case and t he r ead noi se i s  r educed 
as a f unct i on ( ~sqr t ( ) )  of  t he number  of  usef ul  ( hi gh wei ght )  sampl es.  
These met hods wer e devel oped f or  t he 1000 sampl es/ sec 8- bi t  r egi me but  
shoul d appl y equal l y  wel l  t o t he 20 sampl es/ sec 12- bi t  r egi me descr i bed 
her e.   Ei t her  dur i ng t he mul t i - capt ur e i mage const r uct i on,  or  af t er ,  
t he usual  ast r onomi cal  i mage cal i br at i on t echni ques woul d al so be 
appl i ed.   I n par t i cul ar ,  dar k subt r act i on and f l at  f i el d cor r ect i ons 
woul d be appl i ed.   Thi s  t echni que has sever al  ot her  benef i t s .  The 
nomi nal  r ead noi se r equi r ement  f or  LSST ( 5 el ect r ons)  const r ai ns t he 
CMOS t echnol ogy pr ocess f eat ur es at  or  above 0. 25 mi cr ons.  The mul t i pl e 
capt ur e scheme may al l ow r el axat i on of  t he r ead noi se r equi r ement  f or  a 
s i ngl e r ead whi ch may make devi ce f abr i cat i on easi er .   Al so,  cosmi c 
r ays coul d easi l y  be r ej ect ed f r om t he dat a st r eam,  maki ng a second 
“ obser vat i on”  unnecessar y.   I n par t i cul ar ,  t he nomi nal  2 exposur e { 10s 
exposur e,  2s r eadout ,  10s exposur e,  s l ew&r eadout }  scheme woul d be 
r epl aced by a s i ngl e “ i mage”  { 256 sampl es i n 12. 8 seconds,  s l ew&combi ne 
i mage st r eam}  t her eby i ncr easi ng t he ar ea cover age r at e of  t he sur vey.   
A mor e compl et e anal ysi s  and model i ng campai gn of  noi se and dynami c 
r ange i s  needed f or  t he 20 Hz mul t i pl e capt ur e scheme descr i bed above,  
however  t he wor k t hat  has been car r i ed out  and publ i shed ( Li u,  Fowl er  
and ot her s)  shows t hat  t he appr oach i s  wor t h pur sui ng.  

CDS and multiple capture 
 
 Cor r el at ed Doubl e Sampl i ng ( CDS)  c i r cui t r y  wi l l  be l ocat ed on 
each set  of  32 col umns at  t he mul t i pl exer  out put  bef or e pr esent at i on of  
t he s i gnal  ampl i t ude t o t he ADC.  I t  wi l l  r emove t he f r act i on of  t he 
noi se and ot her  ef f ect s ( i . e.  bi ases dr i f t )  t hat  af f ect  t he r esponse of  
t he pi xel s  as l ong as t hey r emai n const ant  bet ween t he t wo sampl i ng 
pul ses ( t he component  of  noi se and ot her  ef f ect s at  f r equenci es 
subst ant i al l y  bel ow t he i nt er val  bet ween t he sampl i ng pul ses) .   
Di f f er ent  i mpl ement at i ons ar e possi bl e dependi ng on t he f r equency 
spect r um of  t he ef f ect s and noi se t o be r emoved.  I n t he s i mpl est  case 
t he r ef er ence/ backgr ound i s  sampl ed at  t he st ar t  of  t he r eadout  of  each 
r ow and i s  used f or  each c l ust er  of  32 col umns.  The di st ance bet ween 
sampl es of  t he backgr ound by t he CDS i s  ~1 � s.  A mor e ext ensi ve case 
woul d oper at e t he CDS at  pi xel  r eadout  i nt er val s  of  30ns.    
 Ef f ect s such as i nj ect i on l evel s associ at ed wi t h t he r eadout  ar e 
dependent  on pi xel  l evel  c i r cui t r y  and s i gnal  st r engt h.  They const i t ut e 
Fi xed Pat t er n Noi se.  Wi t h t he pr oposed mul t i pl e r eadout  scheme t hese 



ef f ect s can be per cei ved as bei ng cumul at i ve hence del et er i ous t o t he 
i nt ent  of  mi ni mi z i ng pi xel  noi se.  I t  i s  suggest ed t hat  t hese ef f ect s 
can be measur ed dur i ng a char act er i zat i on/ cal i br at i on phase of  t he 
modul es.  Cor r ect i on dat a st or ed i n l ook up t abl es i s  used i n r eal  t i me 
or  pr i or  t o aggr egat i ng t he dat a f r om t he 256 r eadout s.  I t  must  be 
not ed t hat  such l ook up t abl es may r equi r e 20 t o 40 poi nt s per  pi xel  
and possi bl y  100Gbyt es of  st or age but  t hi s  i s  r eadi l y  achi evabl e usi ng 
cur r ent l y  avai l abl e 1Gbi t  memor y chi ps.  Al t er nat i vel y  i f  t hese 
cor r ect i ons ar e not  made i n r eal  t i me t he over al l  s t or age needed wi l l  
r esi de on di sk and i s  i ns i gni f i cant  i n r egar d t o t ot al  s t or age needs.  
The t opol ogy of  t he pi xel  c i r cui t r y  must  ensur e t hat  r eadi ng out  does 
not  af f ect  t he char ge st or ed under  t he pi xel .  Sever al  r ecent  
publ i cat i ons i ncl udi ng ( Fowl er  2002)  seem t o i ndi cat e t hat  t he noi se 
can be r educed subst ant i al l y  usi ng mul t i pl e r eadout s.  I t  shoul d be a 
pr i or i t y  t o ver i f y  t hat  t hei r  concl usi ons can be ext ended t o t he case 
of  t he f ocal  pl ane of  t he LSST.    

Physical layer 3:ADC conversion details 
 
Wi t h t he CMOS ar chi t ect ur e,  i t  i s  possi bl e t o i magi ne compl et e 
par al l el i sm wi t h di gi t i zat i on i mpl ement ed i nsi de each pi xel .   I n f act  
t hi s  has been car r i ed out  ( Li u 2002)  i n t he smal l  ar r ay,  1000 
f r ames/ sec 8- bi t  r egi me.  However ,  t he LSST r equi r ement s on t he accur acy 
f avor  a separ at i on of  t he anal og r eadout  f r om t he di gi t i zat i on 
f unct i on.  I n t hi s  concept ual  desi gn,  space consi der at i ons ar gue f or  t he 
choi ce of  32 ADC conver t er s on t he t hi r d physi cal  l ayer  r at her  t han 
goi ng t o one ADC conver t er  per  col umn or  wi t h f ewer ,  f ast er  conver t er s.    
 
Al so i t  must  be not ed t hat  f or  a hybr i d det ect or ,  t he ent i r e ASI C pi xel  
ar ea i s  avai l abl e f or  r eadout  f unct i onal i t y  and hence i t  woul d be 
possi bl e t o envi s i on f ur t her  i n pi xel  f unct i onal i t y  wi t h t he f ul l y  
par al l el  scheme ment i oned above as an exampl e.   For  t hi s  di scussi on 
however ,  an ar chi t ect ur al  commonal i t y  bet ween monol i t hi c  and hybr i d 
CMOS det ect or s has been mai nt ai ned.  
 
The f unct i on of  t he 3r d physi cal  l ayer  i s  t o sequence t he r eal  t i me 
di gi t i zat i on i ncl udi ng t he r eset  of  i ndi v i dual  pi xel s  dur i ng r eadout ,  
t o at t ach addi t i onal  i nf or mat i on such as:  gai n set t i ng and pi xel  r eset  
t o t he di gi t i zed s i gnal  and t o r out e t he pi xel  dat a t o t he t r ansmi ssi on 
l i nk.  Under  comput er / oper at or  cont r ol  t he sequencer  oper at i ng modes and 
r eset  t hr eshol d ar e pr ogr ammabl e.   The bui l di ng bl ocks of  t he l ayer  
ar e:  
-  The sequencer :  a s i mpl e st at e machi ne t hat  can be i mpl ement ed i n a 
FPGA or  a cust om CMOS ASI C.  
-  The ADCs:  assumi ng 3e- / ADU,  a 12- bi t  ADC wi l l  suppor t  maxi mum si gnal s 
of  ~12, 000e- .  I f  physi cal  l ayer  2,  t he anal og pr ocessi ng l ayer  suppor t s  
dual  gai n oper at i on an opt i onal  24e- / ADU wi t h a maxi mum si gnal  of  
~96, 000e-  wi l l  be avai l abl e on i nt ense s i gnal s.   The 12- bi t  r esol ut i on 
ADCs wi l l  suppor t  32 col umns each.  Thi r t y- t wo ADCs oper at i ng at  l ess 
t han 40MHz ar e needed t o di gi t i ze t he 1Kx1K pi xel  modul e i n about  1ms.  
Cur r ent  t echnol ogy pr ovi des 4 ADCs oper at i ng at  up t o 65MHz i n a s i ngl e 
package.  Power  consumpt i on i s  of  t he or der  of  250mW per  ADC but  t he 
act i ve dut y cycl e i s  onl y  ~<3%.  A power  down pi n al l ows t he power  t o be 
r educed t o ver y l ow l evel s when di gi t i zat i on i s  not  needed.  The ADCs 
may be pur chased as di es i n or der  t o opt i mi ze t he packagi ng.  I t  i s  



expect ed t hat  f ut ur e ADC of f er i ngs wi l l  pr ovi de l ower  oper at i ng power  
as wel l  as mor e ADCs per  di e.  
-  Mul t i pl exi ng st r uct ur es t o r out e t he dat a t o t he t r ansmi ssi on l i nk.  
The f unct i onal i t y  of  t he l ayer  i s  shown on f i gur e 3.  
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Power Dissipation 
The desi gn assumes a cur r ent l y  avai l abl e of f  t he shel f  12bi t  anal og t o 
di gi t al  conver t er .  The f ol l owi ng est i mat es can be made per  1Kx1K 
devi ce:  

Sensor  and anal og r eadout :  20mW 
ADCs and sequencer * :       250mW 
Tr ansmi ssi on l i nk* * :        10mW 
 
Tot al :                     ~300mW 

 
*  Assumes 1ms t ot al  r eadout  t i me,  ADCs bei ng act i ve 3% of  t he t i me 
( 1. 5ms per  r eadout ,  49ms i nt egr at i on) .  Quad ADCs consumi ng 940mW when 
act i ve,  3 mW when power ed down wi t h 8 quads used per  1Kx1K.  
* *  Assumes 500mW per  10Gbi t  shor t  haul  l i nk oper at i ng 2% of  t he t i me.  
 
The t ot al  power  di ss i pat i on of  t he f ocal  pl ane i s  300mWx2500 or  ~750W 
 
Taki ng i nt o consi der at i on t he desi gn and t echnol ogy dr i ven r educt i on i n 
power  over  t he l ast  6 year s of  12 bi t  ADCs oper at i ng at  di gi t i zat i on 
r at es of  ~40MHz and assumi ng t hat  t he t r end cont i nues as dr i ven by 
mar ket  demands,  t he power  di ss i pat i on of  a 1Kx1K coul d be r educed by a 
at  l east  1/ 3 over  t he next  f ew year s.  
 

Physical layer 2: Analog processing/Reset scheme 
 
The anal og pr ocessor  associ at ed t o each pi xel  consi st s  of  a buf f er i ng 
st r uct ur e t o t he col umn,  t he r eset  and gat i ng st r uct ur e.  The r eadout  i s  
under  t he cont r ol  of  t he sequencer  par t  of  physi cal  l ayer  3.  The 
r eadout  i s  col umn based meani ng t hat  s i gnal s f r om pi xel s  s i t t i ng on t he 
same col umn wi l l  f ol l ow t he same physi cal  pat h t o t he ADC.  When t he 
sequencer  sel ect s a r ow al l  pi xel s  on t hat  r ow wi l l  f eed t hei r  s i gnal  
t o t he cor r espondi ng col umn anal og dat a pat h.  I n r egar d t o t he anal og 
r eadout  al l  col umns oper at e i n par al l el  at  a cycl e per  pi xel  ( r ow)  of  
t he or der  of  1 � s.  
 
Thi r t y- t wo adj acent  col umns f eed t hei r  s i gnal s t hr ough a mul t i pl exer  t o 
a common ADC.  I n or der  t o cover  a l ar ge s i gnal  r ange up t o ~100, 000e-  a 
dual  gai n mode can be i mpl ement ed.  The r esul t i ng dynami c r ange wi l l  
t hen be of  t he or der  of  2x107 cover i ng an ext ended r ange of  st el l ar  
magni t udes.  
 
The r eset  of  i ndi v i dual  pi xel s  wi l l  be deci ded based on t hei r  s i gnal  
l evel  i n t he pr evi ous r ecor di ng.  I f  a dual  gai n mode i s  i mpl ement ed t he 
deci s i on t o r eset  may be made by t he compar at or  sel ect i ng t he gai n or  
by a di gi t al  compar at or  t o be associ at ed wi t h each ADC.  I n each case a 
di gi t al  s i gnal  wi l l  be sent  on t he r el evant  col umn t r i gger i ng t he 
r eset .  I n ei t her  case a t hr eshol d val ue or i gi nat i ng wi t h t he 
exper i ment er  wi l l  be pr ovi ded by t he sequencer .  I n addi t i on a gl obal  
r eset  wi l l  be pr ovi ded t hat  s i mul t aneousl y r eset  al l  pi xel s.  A 
f unct i onal  sket ch of  t he l ayer  i s  gi ven f i gur e 2.  
 

Areas for further investigation 
 



Overall system definition and tradeoffs: 
1.  Oper at i ng modes,  r el at i ons t o t he sequenci ng of  t he t el escope.  
2.  Syst em i nt er dependenci es:  mechani cal  accur acy,  power  di ss i pat i on,  

packagi ng,  i nst al l at i on,  mai nt enance.  

Physical layer 1: 
1.  Expandi ng use of  i ndi um bumpi ng t o 10µm pi t ches.  
2.  Ot her  bondi ng met hods i . e. :  ani sot r opi c  conduct i ve f i l ms,  SI O CMOS 
3.  Mat er i al  deposi t i on:  what  mat er i al ? Si ,  Si Ge,  What  t ype of  

deposi t i on? Amor phous,  epi t axi al .  
4.  Char act er i zat i on met hods of  physi cal  l ayer  1 r egar dl ess of  t he 

t echnol ogy used.  

Physical Layer 2: 
1.  Model i ng of  noi se per f or mance under  t he READ/ RESET and READ/ NO RESET 

scenar i o.  
2.  Pr ot ot ypi ng a t est  devi ce whi ch can pr ovi de r esul t s  t hat  can be 

ext r apol at ed t o a 1Kx1K.  
3.  Char act er i zat i on met hods of  physi cal  l ayer  2.  

Physical layer 3 
1.  Char act er i ze ADC per f or mance at  envi s i oned speed.  
2.  Syst em desi gn:  det ai l ed def i ni t i on of  f unct i onal i t y ,  opt i onal  

f eat ur es,  i mpl i cat i ons on power  di ss i pat i on and packagi ng.  
3.  Sequencer  def i ni t i on.  

Physical layer 4: 
1.  Mul t i - modul e backpl ane def i ni t i on.  Packagi ng and assembl y r el at ed 

i ssues.  Mai nt ai nabi l i t y .  
2.  Sear ch f or  a l ow power  opt i cal  l i nk.  Commer ci al  or  speci f i c .  
3.  Concent r at or / Rout er  
 

 

Summary 
The pr oposed concept ual  desi gn of f er s subst ant i ve advant ages over  t he 
“ st andar d”  CCD or  CMOS r eadout   i n r egar d t o dynami c r ange,  r eadout  
t i me,  possi bl y  s i gnal  t o noi se management  and cer t ai nl y   f l ex i bi l i t y  of  
use.  I t  r el i es f undament al l y  on t he pr emi se t hat  hybr i d pi xel s  ar r ays 
at  10µm pi t ch ar e f easi bl e whet her  usi ng a f l i p chi p appr oach or  a 
deposi t i on appr oach.  Cl ear l y  t hi s  assumpt i on must  be ver i f i ed as soon 
as possi bl e.  The desi gn i s  al so f ul l y  compat i bl e wi t h a monol i t hi c  
appr oach i f  deemed accept abl e.  Thi s  concept ual  desi gn r equi r es a st eep 
up f r ont  i nvest ment  i n devel opment  but  i s  por t ent  of  maj or  cost s 
r educt i ons at  desi gn,  const r uct i on,  char act er i zat i on and oper at i on 
t i mes.  
Thi s wor k was per f or med under  t he auspi ces of  t he U. S.  Depar t ment  of  
Ener gy,  Nat i onal  Nucl ear  Secur i t y  Admi ni st r at i on by t he Uni ver s i t y  of  
Cal i f or ni a,  Lawr ence Li ver mor e Nat i onal  Labor at or y under  cont r act  No.  
W7405- ENG- 48 
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